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. PB1 domains that are identified in only one sequence and/or one species are provided in the Additional file 1: Fig. S1 . orthologues from other kingdoms than the other PB1 domains in the same kingdom, 189 Animalia. A similar trend is observed with NBR1, however, surprisingly NCF2/p67 Phox is 190 placed as the sister clade to the NBR1. p62 do not show any close relationship with other PB1 191 domains, neither paralogous nor orthologous, from the same kingdom or the other kingdoms or with the UBiquitin Associated (UBA) domains ( Fig. 1 ). We also identified many PB1 as a third gene family, we identified the CBS domain-containing proteins, where the PB1 230 domain is associated in their carboxy terminus (Fig. 1c ). Few other PB1 domain proteins 231 were identified as single copies in only one species that host either a Tetratricopeptide (TPR) 232 repeat or an EF-hand domain, which were also represented in polyphyletic groups 233 (Additional file 1: Fig. S1 and Additional file 1: Fig. S2 ).
234
Fungi. -For Fungi, we have selected the 12 reference proteomes from MycoCosm database 235 (see Additional file 4). Well-annotated plant and animal PB1 sequences were used as query 236 sequences. Four PB1 domain containing protein families were identified (Fig. 1d ). The 237 widely known Bem1 and Cdc24, were identified as a monophyletic paralogous pair in our 238 study (Fig. 2) . Along with the PB1 domain, Bem1 contains SH3 and PX domains, whereas 239 Cdc24 contains Dbl homology (DH) and Plextrin homology (PH) domains. Interestingly, 240 NCF4/p40 Phox , the animal ortholog of Bem1, contains PX in N-terminus, unlike in the middle 241 as in Bem1 (Fig. 1d ). CBS domain containing proteins (referred as Mug70) were also 242 identified, with a similar domain architecture like in other kingdoms (Fig. 1d ). Further, 12 245 pair ( Fig. 2 and Additional file 1: Fig. S2 ). In summary, all the four gene families form a 246 respective individual monophyletic group with all the paralogs, indicating their presence 247 across major phyla in Fungi (Fig. 2 and Fig. 3 ). It is worth noting that an ortholog of p62 and 248 a PB1 domain associated with a SAM domain were identified. However, each was found in 249 only one species and a single copy (Additional file 1: Fig. S1 ). Hence, we discarded them for 250 further analysis as they are considered of low confidence and may not represent any phylum 251 or the kingdom itself. and Phenylalanine (F) in α2 are specific to ARF and Aux/IAA PB1 domains. In a similar 337 way, two Phenylalanine (F) in and before the β1 and a G-x-L-x-L-x-L motif in β5 are specific 338 to PB1 domains associated with CBS domains (Fig. 4) . The Tryptophan (W) in β4 is specific 339 to NLPs. Despite NBR1 being a single-copy gene in the kingdom Plantae, there do not seem 340 to be any constrains on the domain itself, as there is less than 20% identity among them. This 341 provides a basic understanding of relaxed evolutionary pressure in the PB1 domain, 342 providing opportunities for many gene family-specific changes. This makes it difficult not 343 only to predict general sequence patterns that are important for function, but also to estimate 344 the domain properties specific to each family purely based on the primary sequence and its 345 poorly conserved amino acids. 
